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Abstract 
Food dehydration of fruits is one of the most challenging processes in food 

technology. In order to optimize the quality of dehydrated fruits novel dry con-
servation procedures should be developed. Where ventilated hot air dry-
ers’(VHD) produces poor fruit quality. So, different methods were applied to de-
crease the drawbacks of traditional methods. Kiwifruit slices submitted to steam-
ing and osmotic dehydration (OD) in 60% sucrose solution as pre-treatment fol-
lowed by VHD was studied. Results revealed that weight reduction (WR), water 
loss (WL) and solid gain (SG) of kiwifruit were significantly increased as extend 
of immersion period. Weight reduction (WR) was found to be lower than water 
loss (WL) during OD. On the other hand, WL was higher than that of SG. Steam-
ing and/or OD as pre-treatment for kiwifruit drying increases the membrane per-
meability. Moreover, steaming process releases the trapped air from the kiwifruit 
tissue. Thus increase both water loss (WL) and dehydration efficiency index 
(DEI). Contrary, decrease moisture content (MC) in the final product. Steaming 
process is more pronouncing effect than that of OD. Rehydration capacity (RC) 
of dried kiwifruit slices improves by OD using osmotic solution (60% sucrose) at 
40C for 2 hrsas pre-treatment while steaming process has no remarkable effect. 
Keywords: Kiwifruit slices, Osmotic dehydration, Water loss, Solid gain, Dehydration 
efficiency index, Rehydration capacity. 
 

Introduction 
Kiwifruit (Actinidiadeliciosa) 

is popularand widespread fruit be-
longs to Actinidiaceae family (Fer-
guson, 1990). The estimated world 
production is about 1.4 million met-
ric tons per year, where Italy becom-
ing the first producer country which 
produced 30% of the total world 
production (FAO, 2010). It is a 
highly nutritional fruit due to its high 
level of vitamin C and its strong an-
tioxidant capacity because of a wide 
number of phytonutrients including 
carotenoids, lutein, phenolics, fla-
vonoids, and chlorophyll (Cassano, 
et al., 2006). On the other hand, ki-

wifruit has a very short shelf-life due 
to its high moisture content which 
fluctuates between 80 - 86% (Fathi, 
et al., 2011a; Hosseinzadeh, et al., 
2013). Therefore it is necessary to 
dry the fruit to increase its shelf life 
at room temperature without deterio-
rations, reduction in weight and vol-
ume thereby minimize the cost of 
packaging, handling and transporta-
tion during storage orexport (Mas-
kan, 2001; Senadeera, et al., 2005; 
Diamante, et al., 2010). Dried kiwi-
fruits can be eaten as a snack or 
added to cereals, decorate desserts 
and ice cream (Etsey, et al., 2007; 
Reynolds, 2007; Chin, et al., 2015). 
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Osmotic dehydration (OD) is a tech-
nique used for different fruits includ-
ing kiwifruit as a pre-treatment to 
many preservation processes such as 
freezing, ohmic heating, microwave, 
and hot air drying (Robbers, et al., 
1997; Allaeddini and Emam-
Djomeh, 2004; Fathi, et al., 2011b) 
to reduce the initial water content, 
energy consumption and total drying 
time (Escriche, et al., 2000b; 
Gianotti, et al., 2001; Bekele and 
Ramaswamy, 2010). At the same 
time, improves sensory, functional 
and nutritional properties including 
vitamins, phytochemicals and micro-
elements of dried product without 
changing their integrity (Moreira and 
sereno, 2003; Sun, 2005; Osorio, et 
al., 2007; Fathi, et al., 2011a). So, 
OD is an effective technique to use 
for the partial removal of water from 
plant tissues by immersion in a hy-
pertonic (osmotic) solution (Cao, et 
al., 2006). Water removal is based 
on the natural and non-destructive 
phenomenon of osmosis across cell 
membranes. The diffusion of water 
out of the plant’s tissues is accompa-
nied by the simultaneous counter dif-
fusion of solutes from the osmotic 
solution into the tissue. There may 
also be minor flow of other solutes 
from fruit to the solution (Torreg-
giani and Bertolo, 2001; Shi and xue, 
2009). The OD is usually performed 
under ambient or modified environ-
ment conditions (Escriche, et al., 
2000a; Cao, et al., 2006; Fazliand 
Ahani, 2010; Fasogbon, et al., 
2013).Conventional ventilated hot 
air drying (VHD) of fruit including 
kiwifruits leads to some disadvan-
tages in the final products such as 
loss of volatiles and flavours, dark 

colour, leathery texture, shrinkage, 
decrease the rehydration rate, wet-
tability, surface hardening and may 
decrease the nutritional value (Mas-
kan, 2000; Singh, et al., 2008b; 
Chin, et al., 2015). Therefore OD 
could be applied to produce ready-
to-eat dry foods or treated as secon-
dary raw material to avoid the 
aforementioned drawbacks (Menges 
and Ertekin, 2006; Phisut, 2012). 
Because of cell membrane is semi-
permeable permit water and acid to 
pass through more rapidly than 
sugar, therefore water and acid of 
fruit are flow out from the cell at 
first fast and then move slowly. Con-
trary to sugar which is penetrate the 
cell gradually and increases with 
prolonging immersion time. There-
fore, the characteristics of the prod-
uct and prompt of processing can be 
varied by controlling temperature, 
concentration of osmosis solution 
and time (Chavan, 2012). As a result, 
considerable amounts in the mass 
exchange can influence the final nu-
tritive values and organoleptic prop-
erties of the dried food. Analogous, 
cellular membrane of fresh kiwifruit 
slices exerts high resistances to mass 
transfer and slows down the rate of 
OD (Erule and Shubert, 2001). Thus, 
a number of techniques include 
blanching, freezing, high pressure, 
ohmic heating, pulsed electric field 
and ultrasound have been tried to 
improve mass transfer rate during 
OD (Amami, et al., 2006; Allali, et 
al., 2010; Bchir, et al., 2011). 
Blanching is one of the most widely 
used pre-treatments in the drying be-
cause of the resultant inactivation of 
enzymes, changes in tissue structure 
and shorter drying time (Latapi and 
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Barrett, 2006; Lewicki, 2006). The 
same results were achieved with 
blanched or steamed kiwifruit slices 
(Nadian, et al., 2016; Llanoa, et al., 
2003). Rehydration of dried foods is 
a complex practice influenced by 
several factors such as chemical 
composition, physical structure, dry-
ing techniques, temperature of dry-
ing, conditions and composition of 
the immersion medium (Kaymak-
Ertekin, 2002; Taiwo and Adeyemi, 
2009) which play a major role on the 
quality attributes of the product . In 
this respect Maskan (2001) stated 
that dried kiwifruit slices by VHD 
pre-treated with microwave exhib-
ited higher rehydration capacity and 
faster water absorption rate than 
those dried with microwave or VHD 
only. This work was carried out to 
investigate the influence of OD 
and/or steaming as pre-treatment on 
the dried kiwifruit slices characteris-
tics using VHD including water loss 
(WL), weight reduction (WR) and 
solid gain (SG) during OD. Also 
moisture content (MC), mass loss 
(ML) of dried kiwifruit slices and 
their rehydration capacity (RC) were 
studied. 
1. Materials and Methods 
1.1. Materials 

Fresh under ripe, free from 
physical defected, kiwifruits (Acti-
nidia deliciousvar. Hayward) hadre-
fractive index 12.5°Brix and com-
mercial sucrose were obtained from 
the local market of Tanta City, EL-
Gharbia Governorate, Egypt, in the 
year 2014. The fruits were trans-
ferred to the Laboratory of Food Sci-
ence and Technology Department, 
Faculty of Agriculture, Tanta Uni-
versity.  

1.2. Methods 
1.2.1. Sample preparation 
Kiwifruits were washed under 

the tap water, sorted manually and 
drained using clean cloth. The fruits 
were divided randomly into 4 groups 
3000g each. The fruits were peeled 
with sharp knife. Then the peeled 
fruits were cut into slices transver-
sally to their axis (about 10 mm 
thickness cross sections to get equal 
size as much as possible and 40 mm 
diameter) by an electric cutting ma-
chine (Privileg Art. Nr. 273.0513, 
Germany). The surface of slices was 
dried gently by using tissue papers 
before measuring their dimensions 
and initial weight. Drying was per-
formed in a laboratory using VHD at 
air velocity of 1.0 m/s. Before each 
drying experiment, the drier was run 
without sample for about 30 min to 
set desired temperature. 

1.2.2. Drying process: 
1.2.2.1. Ventilated hot-

airoven drying (VHD) 
The 1st group was dried by di-

rectly loaded onto stainless steel 
trays and subjected to drying using 
VHD at 50� C for 3 and 6 hrs at air 
velocity 1.0m/s. This represents con-
trol (C). The 2nd group was steamed 
at atmospheric pressure (100�C) for 
5 min till inhibit peroxidases, im-
mersed in an ice-water bath to stop 
heating and drained on tissue papers. 
The steamed sample was loaded onto 
stainless steel trays and subjected to 
drying using (VHD) at 50� C for 3 
and 6 hrs at air velocity 1.0m/s. This 
represents treatment no. 1(T1). 

1.2.2.2. Drying of kiwifruit 
slices by combination of OD and 
VHD 
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The 3rd group of kiwifruit slices 
were immerged in osmotic solution 
(60�Brix sucrose) at fruit to solution 
ratio (1:4w/v) to avoid changes in 
the solution concentration at 40�C 
with occasionally shaking at 150 rpm 
for 2 hrs. The slices were removed 
from osmotic solution and gently 
blotted with tissue paper followed by 
drying using VHD at 50�C with air 
velocity at 1.0m/s for 3 and 6 hrs. 
This represents treatment no. 2 (T2). 
The 4th group of kiwifruit slices were 
steamed at atmospheric pressure 
(100� C) for 5 min till inhibit per-
oxidases and immersed in an ice-
water bath to stop heating, drained 
on tissue papers, subjected to OD as 
described earlier and then dried by 
using VHD at 50�C with air veloc-
ity at 1.0m/s for 3 and 6 hrs. This 
step represents treatment no. 3 (T3). 

1.2.3. Determination of mois-
ture content (MC) 

Moisture content (MC) using 
an electric oven at 105±5C until 
constant weight (method no. 952.4) 
of sample was carried out according 
to AOAC (2003).  

1.2.4. Determination of 
mass loss (ML) 

Mass loss (ML) of dried kiwi-
fruit sample was determined using 
the following equations: 

ML=  
Where: 

m0 Initialmass of sample 
m Mass of sample after drying  
1.2.5. Determination of mass 

transfer during OD 
Mass transfer including solid 

gain (SG), weight reduction (WR) 
and water loss (WL) were deter-
mined according to (Mavroudis, et 
al., 1998). While dehydration effi-

ciency index (DEI) was determined 
as mentioned by (Tylewicz, et al., 
2010) using the following equations: 

SG (  ) =  

WR (  ) =  

WL ( )=WR+SG 

DEI = WL / SG 
Where: 

W0= Initial weight of sample 
(g), Wt= sample weight after treat-
ment (g) 

S0 =Initial solids content (g),    
St= Total solid after treatment 

(g) 
1.2.6. Determination of Re-

hydration Capacity (RC) 
Rehydration capacity of dried 

kiwifruit sliceswas determined as de-
scribed by Abano and Sam-Amoah, 
(2011) with slight modification as 
follows: About 5 g of the dried sam-
ple was placed in glass beakers con-
taining distilled water in a ratio of 
1:30 (w/v) at room temperature for 
15, 30, 45 and 60 min. Sample was 
removed and blotted with the paper 
towels in order to eliminate the sur-
face water then weighed. The mass 
of rehydrated and dried samples 
were measured by using an accurate 
electronic balance (Radwag Wagi, 
Elcktroniczne, Model WTB 200, Po-
land) to the third digital number.  
The rehydration capacity (RC) de-
scribed as weight of water gained 
during rehydration to weight of wa-
ter removed during drying and calcu-
lated according to (Lewicki,1998) as 
following equations: 

RC =  
Where:  

Wd = weight of dried sample (g) 
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Wr = weight of rehydrated sample 
(g).  

W = initial weight of sample (g). 
 

1.3. Statistical Analyses 
Results tabulated in this work 

are means and standard deviation of 
at least three successfully trails. 
Then the data were statistically ana-
lysed using Analysis of Variance 
(ANOVA) and means were sepa-
rated by Duncan’s at a probability 
level of 0.05% (SAS, 2004). 
2. Result and Discussion 

2.1. Effect of steaming proc-
ess on osmotic dehydration of ki-
wifruit slices  

Weight reduction (WR) of ki-
wifruit slices immerged in osmotic 
sucrose solution (OS) 60�Brix is 
0.227 g/g after 1 hrs at 40C, which 
increases to 0.349 g/g when the im-
merging time is extend to 2 hrs. This 
attributed to increase contact time of 
the sample with the OS, which gives 
a higher moisture loss due to in-
crease in osmotic pressure, thereby 
increase WR (Nieuwenhuijzen, et 
al., 2001). This result is disagree-
ment with (Tylewicz, et al.,2010) 
who reported that OD using 61.5% 

as OS for 2 hrs led to 32%WR of 
dried Hayward kiwifruit slices. This 
could be attributed to different han-
dling process and sucrose concentra-
tion of OS. By analogous, water loss 
(WL) and solid gain (SG) of kiwi-
fruit slices increases as a result of 
extends the soaking time in the OS. 
It is noticed that WR of dried kiwi-
fruit slices is significantly lower than 
that of WL, however WL is higher 
than SG along all experiments as the 
time is extend. These results could 
be explained by water and soluble 
compounds leach out from kiwifruit 
tissue to the OS faster than that the 
uptake of sugar and solutes from the 
OS during OD (Fito, et al., 2001; 
Marani, et al., 2007; Tortoe, 2010). 
Because of the cell membranes are 
semi-permeable natures they allow 
water and low molecules size to pass 
by a greater driving forcethrough 
them more rapidly than sucrose. 
Therefore water is removed at first 
and then moves slowly, while sugar 
penetration is very slight at first but 
increases with the time (Tylewicz, et 
al., 2010; Chavan, 2012). 

 
Table 1. Effect of steaming process on osmotic characteristics inkiwifruit (Acti-

nidiadeliciasa var. Hayward) slices during OD at 40oC  
Fresh slices Steamed slices 

60% 60%     Osmotic               characteristics 
1hr 2hrs 1hr 2hrs 

Weight reduction (g/g) 0.227 0.349 0.403 0.502 
Water loss         (g/g) 0.289 0.435 0.475 0.608 
Solid gain          (g/g) 0.062 0.086 0.072 0.106 

 
Steaming process before OD as 

a pre-treatment for the fresh kiwifruit 
slices is affected on the aforemen-
tioned parameters. Where WR, WL 

and SG of not steamed kiwifruit 
slices dried by OD using 60% su-
crose as OS at 40C for 1 hrs are 
0.227, 0.289 and 0.062 g/g increased 
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in the steamed ones to 0.403, 0.475 
and 0.072g/g, respectively. The same 
trend is observed in the case of 
steamed kiwifruit slices after 2 hrs of 
contact between the fruit and OS un-
der the same conditions. These re-
sults could be explained by the cellu-
lar membrane of non-steamed kiwi-
fruit exerts high resistances to mass 
transfer and slows down the rate of 
diffusion (Erule and Shubert, 2001), 
while steaming modify the cell struc-
ture by increase the membrane per-
meability to water and sugar ex-
changes (Del valle, et al., 1998; 
Kowalska, et al., 2008). Moreover, 
kiwifruit tissues have a porous struc-
ture so that steaming would also re-
lease the trapped air from the tissue 
resulting in more effective to the re-
moval of water by osmotic pressure 
enhances the removal of water and 
uptake of solids (Phisut, 2012).  

Dehydration efficiency index 
(DEI) is expressed by the ratio be-
tween water loss and solute gain 
(WL/SG). The DEI is depends 
strongly on the processing objectives 
and on the desired characteristics of 

the final product. In OD process, the 
higher water loss is more favourable 
than solid gain. Moreover, high solid 
gain affects negatively the quality 
and sensory characteristics of the de-
hydrated fruit. When high levels of 
sugar are infiltrated into the fruit 
during OD, significant sensory al-
terations can occur and the osmoti-
cally dehydrated product may pre-
sent a different taste from the fresh 
fruit (Rodrigues and Fernandes, 
2007). Therefore, good OD has DEI 
higher than 1 (Tylewicz, et al., 
2010). The DEI of the dried kiwifruit 
slices is about 4.67 after 1hrs soak-
ing in 60% OS at 40°C, whichaug-
ments to 5.08g/g after 2 hrs (Fig.1). 
It is obvious that as the immersion 
time in OS is extend, kiwifruit slices 
loss more water than that of SG. As a 
result DEI increases. These results 
are in agreement with those reported 
by Tylewicz, et al. (2010) and Fathi, 
et al. (2011a), who reported that DEI 
for Hayward kiwifruit slices dried by 
OD were increased by extend the 
contact time between kiwifruit and 
OS. 

 

 

Fig.(1): Effect of OD at 40oC and steaming process on Dehydration efficiency 
index (DEI) in kiwifruit (Actinidiadeliciasa var. Hayward) slices.  
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On the other hand, DEI of 
steamed kiwifruit slices decreased as 
the immersion period extends. This 
could be related to the change in the 
cell membrane of kiwifruit tissue by 
heating process. The dried kiwifruit 
samples, treated with steam before 
OD using OS 60% sucrose at 40°C 
for 1 hrs, had the greatest DEI 6.56 
to 5.74 after 2 hrs. This could be re-
lated to steaming modify the cell 
structure by increase the membrane 
permeability to allow water to pass 
from the cell membrane rapidly (Del 
Valle, et al.,1998) and by a greater 
driving force due to OD. Therefore 

water is removed more at first and 
then moves slowly, while sugar 
penetration is very slight at first but 
increases with the time (Chavan, 
2012). 

2.2. Effect of steaming and 
OD on the hot air drying of kiwi-
fruit slice 

Table (2) summarized the ef-
fect of steaming and OD as pre-
treatments on mass loss (ML) and 
moisture content (MC) of dried kiwi-
fruit slices by VHD. The results re-
veal that MC of fresh sample is de-
creases as the drying time is extend. 
At the meantime, ML increases.

 
Table 2. Effect of OD and steaming process as pre-treatment on drying Kiwifruit 

slices by ventilated hot-air oven drying (VHD) at 50C. 

Treatment Time 
(hrs) 

Moisture content 
(MC %) 

Mass 1oss 
(ML %) 

Fresh ----- 84.24a±0.24 --------- 
3 51.31b±0.31 55.07bc±1.89 

Ventilated hot-air drying (VHD) 
6 28.09f±0.05 79.74a±1.06 
3 40.69c±0.47 60.45b±0.85 

Steaming flowed by VHD 
6 25.14f±0.13 83.34a±0.28 
3 44.69c±0.41 49.08c±0.70 

OD in 60% followed by VHD 
6 27.54f±0.83 59.56b±1.31 
3 34.83d±0.72 56.57b±0.80 Steaming, OD in 60% followed 

by VHD  6 24.49f±0.32 64.91a±1.27 
LSD  4.74 9.15 

M±SD = means and standard deviation of three successful trials  
In a column, means have the same superscript letter are not significantly different 

at 0.05% level 

Where MC of fresh kiwifruit 
slices is 84.24% decreases to 51.31% 
and 28.09% after 3 and 6 hrs of dry-
ing in VHD at 50C, respectively. 
But ML is 55.07% after 3 hrs in-
creases to 79.74% after 6 hrs. This 
resultsimilarto those obtained by 
Chin et al.(2015), who reported that 
moisture of kiwifruit slices de-
creased with increasing of drying 

time, until it reached equilibrium 
status. As the kiwifruit slices ex-
posed to steaming for 5 min before 
VHD, both MC and ML of the dried 
sample are changed. The MC de-
ceases to 40.69% after 3 hrs and 
25.14% after 6 hrs. Also, ML is am-
plified to reach 60.45% and 83.34% 
for 3 and 6 hrs, respectively. These 
high values could be explained by 
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the effect of heat on the cell wall of 
kiwifruit nature. Where, steaming 
process modifies or destruction the 
cell structure by loss the selective 
permeability. Therefore, the resis-
tance to moisture diffusion decreases 
within the wall cell and water mi-
grates to the surface of sample (Ro-
cha, et al., 1993; Kowalska, et al., 
2008). So, kiwifruit cells lost more 
water during VHD leading to de-
crease MC and increase ML. When 
the kiwifruit slices are exposed to 
OD by immersing in 60% sucrose of 
OS for 2 hrs at 40C before VHD, 
MC and ML are 44.69% and 49.08% 
after 3 hrs, respectively. Where MC 
decreased to 27.54% and ML in-
creased to 59.56% after 6 hrs of 

VHD. The MC of kiwifruit slices 
steamed for 5 min and soaked in 
60% OS for 2 hrs at 40C as pre-
treatment of VHD is 34.83% and 
24.49% after 3 and 6 hrs, respec-
tively. The corresponding values for 
ML are 56.57% and 64.91%, respec-
tively. This result agrees with Simal, 
et al. (1997) who reported that pre-
treatment of fruits in OS usually re-
duces the convective drying rates. 
Similar results were reported in the 
literature (Karim, et al., 2008; 
Karim, 2010) for steamed sample 
exposed to OD followed by VHD. It 
is clear that effect of steaming is 
more pronouncing on the permeabil-
ity of cell walls in the kiwifruit slices 
rather than OD. 

 
Table 3. Effect of different treatment on rehydration capacity (RC) of dried kiwi-

fruit slices 
Rehydration ratio (RR) Treatment 

15min 30min 45min 60min 
Ventilated hot air drying (VHD) 5.05c±0.33 10.54c±0.69 13.84b±0.31 18.29b±0.39 

Steaming flowed by VHD 9.32b±0.21 11.47c±0.24 18.32b±1.19 21.23b±1.40 

OD in 60% followed by VHD 22.50a±1.24 26.48a±1.41 45.42a±2.24 47.61a±2.33 

Steaming, OD in 60% followed 
by VHD 

9.68b±0.42 20.28b±0.93 36.02a±1.95 41.85a±2.26 

LSD 3.21 5.31 11.33 14.63 
M±SD = means and standard deviation of three successful trials  
In a column, means have the same superscript letter are not significantly dif-
ferent at 0.05% level 

 

2.3. Rehydration Capacity (RC) 
Dehydrated products often need 

to be rehydrated for utilization, 
where rehydration capacity (RC) is 
an important index of the quality of 
dried fruits (Aversa et al., 2012). 
Safety, nutritional and sensory as-
pects of foods is usually related to 
the rehydration process as well as to 
the severity of the drying practice 

(Marabi and Saguy, 2009). Thus, re-
hydration can be considered as a 
measure of the damage to the prod-
uct caused by dehydration since RC 
is related to modifications in food 
structure during processing (Garcia-
Pascual, et al., 2006; Moreira, et al., 
2008). Rehydration of dried food tis-
sues is composed of three simultane-
ous processes: 1) the imbibition of 
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water into dried material, 2) the 
swelling of the rehydrated products, 
and 3) the leaching of soluble solids 
to rehydration medium (Krokida and 
Marinos-Kouris, 2003). Poor rehy-
dration caused by injuries to the 
plant tissue cells during pre-
treatment and drying (Lewicki, 
1998). So, good dehydration process 
has high RC. The RC of dehydrated 
samples after 15, 30, 45 and 60 min 
are shown in Table (3). The RC for 
kiwifruit slices dried by VHD is 
5.05, 10.54, 13.84 and 18.29 after 
15, 30, 45 and 60 min of rehydration 
in distilled water at room tempera-
ture, respectively. The same trend is 
noticed also for dried kiwifruit slices 
dried by VHD after steaming or OD 
in 60% sucrose and steaming fol-
lowed by OD in 60% sucrose. How-
ever, the method of dehydration has 
an obvious effect on the RC, whereas 
kiwifruit slices dehydrated by OD in 
60% sucrose as pre-treatment fol-
lowed by VHD, which has the sig-
nificantly (p> 0.05) highest RC 
among the other studied dehydration 
methods. On the other hand, RC of 
steamed samples is not significantly 
(p> 0.05) different than that of con-
trol. It is well known that poor rehy-
dration capacity could be attributing 
to the collapse of cellular structure or 
the decrease of porosity lead to 
lower diffusion of water into kiwi-
fruit tissue during rehydration. Simi-
lar trend was reported by Singh, et 
al.(2008 a) and Fathi, et al.(2011b) 
for rehydration capacity of chestnut 
and kiwifruit during hot air drying, 
respectively. These results are dis-
agreement with Kaymak-Ertekin, 
2002; Taiwo and Adeyemi, 2009) 
who showed that blanching didn’t 

had any significant (p> 0.05) effect 
on the RC of the samples irrespec-
tive of the drying temperature. Fig. 2 
shows the fresh, dried and rehy-
drated (after one hour) kiwifruit 
slices as affected by different drying 
methods. 

The RC of kiwifruit slices ex-
posed to OD before VHD had the 
highest significantly (p> 0.05) value 
among other studied treatments 
along the different rehydration time. 
The high RC% of ODkiwifruits 
slices may be explained by the pre-
treated sample with OD had high 
percentage of sugar which leaches 
out into the rehydration solution and 
uptake more water amount due to the 
different solute concentration be-
tween the two sides of the cell mem-
brane. This is conflicted with Singh 
et al.(2007) who reported that the 
RC is high for un-osmosed samples 
and lowest for the osmotically pre-
treated carrot cubes with sucrose-salt 
mixture as OS. 

However, results of Bhuvanes-
wari et al.(1999) supported our find-
ings, who reported that RC of osmo-
tically treated peas was higher than 
those of untreated samples. All the 
samples exhibited an initial high rate 
of moisture sorption and solute loss 
followed by slower water absorption 
and solute loss in the later stages of 
rehydration process. This is due to 
the fact that the capillary imbibitions 
are important at early stages, which 
leads to an almost instantaneous up-
take of water. Similar results were 
reported by Sopade and Obekpa 
(1990). 
3. Conclusion 

In conclusion, OD as pre- 
treatment process followed by VHD 
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an effective method which gives the 
best result for drying Kiwifruit 
slices. Since, RC of this treatment is 
the superior treatment. While 
steamed sample followed by OD be-

fore VHD had the intimidate quality. 
On the other hand, the inferior prod-
uct is produced by VHD after steam-
ing process.  

 
Fig. (2): Dried and rehydrated (after one hour) kiwifruit slices as affected by dif-

ferent methods of rehydration process 
 
4. Reference 
Abano, EE and Sam-Amoah, LK 

(2011). Effects of different pre-
treatments on drying characteris-
tics of banana slices. Journal of 
Engineering and AppliedSciences, 
6 (3): 121-129. 

Allaeddini, B and Emam-Djomeh, Z 
(2004). Formulation and quality 
improvement of dried kiwifruit 
slices using an osmotic pre-
treatment. Drying 2004 – Pro-
ceedings of the 14th International 
Drying Symposium (IDS 2004) 
Sao Paulo, Brazil, 22-25 August 
2004,  p: 2127-2132. 

Allali, H; Marchal, L and Vorobiev, E 
(2010). Blanching of strawberries 
by ohmic heating: Effects on the 
kinetics of mass transfer during 
osmotic dehydration. Food Bio-
process Technology, 3: 406-414. 

Amami,E; Vorobiev, E and Kechaou, N 
(2006). Modelling of mass trans-
fer during osmotic dehydration of 
apple tissuepre-treated by pulsed 

electric field. LWT-Food Science 
and Technology, 39: 1014-1021. 

AOAC (2003). Official Methods of 
Analysis 17th (ed) Association of 
Official Analytical Chemists, Vir-
ginia, USA.  

Aversa, M; Curcio, S; Calabrò, V and 
Iorio, G (2012). Experimental 
evaluation of quality parameters 
during drying of carrot sam-
ples.Food and Bioprocess Tech-
nology, 5(1):118–129. 

Bchir, B;Besbes,S;Attia,HandBlecker,C 
(2011). Osmotic dehydration of 
pomegranate seeds (Punica-
Granatum L.): Effect offreezing-
pre-treatment. Journal of Food 
Process Engineering, 35(3):335 – 
354. 

Bekele, Y and Ramaswamy, H (2010). 
Going beyond conventional os-
motic dehydration for quality ad-
vantage and energy savings. El-
hiopian Journal of Applied Sci-
ences and Technology, 1(1): 1-15.    

Bhuvaneswari, SV; Sreenaryanan, V; 
Kailappan, R and Parvathy, K 



Assiut J. Agric. Sci., (47) No. (6-1) 2016 (72-86)                            ISSN: 1110-0486 
Website: http://www.aun.edu.eg/faculty_agriculture                      E-mail: ajas@aun.edu.eg  

 82 

(1999). Osmotic dehydration of 
peas.Indian Food Packer, 53: 10-
12. 

Cao, H;  Zhang, M; Mujumdar, AS; 
Du,W and Sun, J (2006). Optimi-
zation of osmotic dehydration of 
Kiwifruit. Drying Technology,24 
(1): 89-94. 

Cassano, A; Figoli, A;Tagarelli, A; Sin-
dona, G and Drioli, E (2006). In-
tegrated membrane process for the 
production of highly nutritional 
kiwi fruit juice. Desalination, 
189: 21-30. 

Chavan, UD (2012). Osmotic dehydra-
tion process for preservation of 
fruits and vegetables. Journal of 
Food Research, 1(2):202- 209. 

Chin, SK; Siew, ES and Soon, WL 
(2015). Drying characteristics and 
quality evaluation of kiwi slices 
under hot air natural convective 
drying method. International 
Food Research Journal, 22(6): 
2188-2195. 

Del Valle, MJ; Aranguiz,V and Leon, H 
(1998). Effect of blanching and 
calcium infiltration on PPO activ-
ity, texture, microstructure and 
kinetics of osmotic dehydration of 
apple tissue.Food Research Inter-
national, 31: 557-569. 

Diamante, L; Durand, M; Savage, G 
and Vanhanen, L (2010). Effect  
of temperature on the drying char-
acteristics, colour, ascorbic acid 
content of green and gold kiwi-
fruits. International Journal of 
Food Research, 17: 441-451. 

Erule, U and Schubert, H (2001) Com-
bined osmotic and microwave-
vacuum dehydration of apples and 
strawberries. Journal of Food En-
gineering, 49:193-199. 

Escriche, I; Chiralt, A; Moreno, J and 
Serra, JA (2000a). Influence of 
blanching - osmotic dehydration 
treatments on volatile fraction of 

Strawberries. Journal of Food-
Science, 65:1107-1111. 

Escriche, I; García-Pinchi, R; Andrés, A 
and Fito, P (2000b). Osmotic de-
hydration of kiwi fruit (Actinidia-
chinensis): Fluxes and mass trans-
fer kinetics. Journal of Food 
Process Engineering, 23 (3):191–
205. 

Etsey, AN; Sakyi-Dawson, E; Sefa-
Dedeh, S; Afoakwa, EO; Tano-
Debrah, K and Annor,GA (2007). 
Effects of cowpea fortification 
and the level of ripeness of plan-
tain on the nutritive value of plan-
tain based snack foods. African 
Journal of Biotechnology, 6(6): 
799-802. 

FAO (2010). Food and Agriculture Or-
ganisation, available in the Inter-
net at: http://faostat.fao.org/ 
faostat/form?collection= Produc-
tion.Crops.Primary&Domain=Pro
duction&servlet=1&hasbulk=0 
&version=ext&language=EN. 

Fasogbon, BM; Gbadamosi, SO and 
Taiwo, KA(2013). Studies on the 
osmotic dehydration and rehydra-
tion characteristics of Pineapple 
slices.Food Processing and Tech-
nology, 4(4):220 – 227. 

Fathi, M; Mohebbi, M and Razavi, 
SMA (2011a).Application of im-
age analysis and artificial neural 
network to predict mass transfer 
kinetics and color changes of os-
motically dehydrated kiwifruit. 
Food Bioprocess Technology, 
4(8): 1357–1366. 

Fathi, M; Mohebbi, M andRazavi, SMA 
(2011b). Effect of osmotic dehy-
dration and air drying on physico-
chemical properties of dried kiwi-
fruit and modelling of dehydration 
process using neural network and 
genetic algorithm. Food Biopro-
cess Technology, 4:1519–1526. 

Fazli, FA and Ahani, M (2010). Mini-
mally processed foods: A case 



 
Mohamed Bassim Atta and Hagar Fathy Kandil, 2016 

 83 

study on orange and kiwi fruit. In-
ternational Journal of Environ-
mental Science and Development, 
1(1):53-56. 

Ferguson, AR (1990). Botanical No-
menclature: Actinidiachinensis, 
Actinidiadeliciosa and Actinidi-
asetosa. In: Warrington, IJ and 
Weston, GC (Eds.) Kiwifruit: Sci-
ence and Management, Ray Rich-
ards Publisher in Association with 
the new Zealand Society for Hor-
ticultural Science, Auckland, New 
Zealand,  PP: 36-57. 

Fito, P; Chiralt, A; Barat, JM; Andres, 
a; Martinez-Monzo, J and Marti-
nez-Navarrete, N (2001). Vacuum 
impregnation for development of 
new dehydrated products.Journal 
of Food Engineering, 49: 297-
302. 

Garcia-Pascual, P; Sanjuan, N; Melis, R 
and Mulet, A (2006). Morchel-
laesculenta (morel) rehydration 
process modeling. Journal of 
Food Engineering, 72(4): 346–
353. 

Gianotti, A; Sacchetti, G; Guerzoni, ME  
and Dalla, Rosa M (2001). Micro-
bial aspects on short-time osmotic 
treatment of kiwifruit. Journal of 
Food Engineering, 49: 265-270. 

Hosseinzadeh, J; Feyzollahzadeh, M 
and Afkari, AH (2013). The 
physical and chemical properties 
of kiwifruit harvested at four 
stages. Bulgarian Journal of Agri-
cultural Science, 19 (1) 174-180. 

Karim, OR (2010). Air-oven drying of 
pre-treated fruit slices: A promis-
ing solution to post-harvest losses. 
Pakistan Journal of Nutrition, 9 
(6): 547-551. 

Karim, OR; Awonorin, SO and Sanni, 
LO (2008). Effect of pre-
treatments on quality attributes of 
air-dehydrated pineapple slices. 
Journal of Food Technology, 6 
(4): 158-165. 

Kaymak-Ertekin, F(2002).  Drying and 
rehydrating kinetics of green and 
red peppers. Journal of Food Sci-
ence, 67(1): 168-175. 

Kowalska, H; Lenart, A and Leszczyk, 
D (2008). The effect of blanching 
and freezing on osmotic dehydra-
tion of pumpkin. Journal of Food 
Eng., 86: 30-38. 

Krokida, MK and Marinos-Kouris, D 
(2003). Rehydration kinetics of 
dehydrated products. Journal of 
Food Eng., 57(1): 1–7. 

Latapi, G and Barrett, M (2006). Influ-
ence of pre-drying treatments on 
quality and safety of sun-dried 
tomatoes. Part I: Use of steam 
blanching, boiling brine blanch-
ing, and dips in salt or sodium 
metabisulfite. Journal of Food 
Sci., 71: 24–31. 

Lewicki, PP (1998). Some remarks on 
rehydration of dried foods. Jour-
nal of Food Engineering, 36:81–
87. 

Lewicki, PP (2006). Design of hot air 
drying for better food. Trends in 
Food Science and Technology, 17: 
153–163. 

Llanoa, KM; Haedob, AS; Gerschen-
sona, LN and Rojasa, AM (2003). 
Mechanical and biochemical re-
sponse of kiwifruit tissue to steam 
blanching.Food Research Interna-
tional, 36: 767–775. 

Marabi, A and Saguy, IS (2009). Rehy-
dration and reconstitution of 
foods. In:Ratti, C (Ed.), Advances 
in food dehydration. Boca Raton: 
Chemical Rubber Company CRC 
Press, USA. 

Marani, CM; Agnelli, ME and 
Mascheroni, RH (2007). Osmo-
frozen fruits: mass transfer and 
quality evaluation. Journal of 
Food Engineering, 79:1122-1130. 

Maskan, M (2000). Microwave/air and 
microwave finish drying of ba-



Assiut J. Agric. Sci., (47) No. (6-1) 2016 (72-86)                            ISSN: 1110-0486 
Website: http://www.aun.edu.eg/faculty_agriculture                      E-mail: ajas@aun.edu.eg  

 84 

nana. Journal of Food Engineer-
ing, 44(2): 71-78. 

Maskan, M (2001). Drying, shrinkage 
and rehydration characteristics of 
Kiwi fruits during hot air and mi-
crowave drying.  Journal of Food 
Engineering, 48: 177-182. 

Mavroudis, NM; Gekas, V and Sjo-
holm, I (1998). Osmotic dehydra-
tion of apples effect of agitation 
and row material characteristics 
.Journal of Food Engineering, 35: 
191-209. 

Menges, HO and Ertekin, C (2006). 
Mathematical modelling of thin 
layer drying of Golden apples. 
Journal of Food Engineering, 77: 
119-125. 

Moreira, R and Sereno, AM (2003). 
Evaluation of mass transfer coef-
ficients and volumetric shrinkage 
during osmotic dehydration of ap-
ple using sucrose solution in static 
and non-static conditions. Journal 
of food engineering, 57:25-31. 

Moreira, R; Chelco, F; Chaguri, L and 
Fernandes, C (2008). Water ab-
sorption, texture, and color kinet-
ics of air-dried chestnuts during 
rehydration. Journal of Food En-
gineering, 86(4): 584–594. 

Nadian, MH; Abbaspour-Fard, MH; 
Sadrnia, H; Golzarian, MR and 
Tabasizadeh, M (2016). Optimal 
pretreatment determination of ki-
wifruitdrying via online monitor-
ing .Journal of science food Agri-
culture, 96:4785 – 4796. 

Nieuwenhuijzen, NH; Zareifard, MR 
and Ramaswamy, HS (2001). 
Osmotic drying kinetics of cylin-
drical apple slices of different 
sizes.Drying Technology, 19 (3-
4): 525-545. 

Osorio,C; Franco, MS; Castaño, MP; 
González-Miret, ML; Heredia, FJ 
and Morales, AL (2007). Colour 
and flavour changes during os-
motic dehydration of fruits. Jour-

nal of Innovative Food Science 
and Emerging Technologies, 8: 
353– 359. 

Phisut, N (2012). Factors affecting mass 
transfer during osmotic dehydra-
tion of fruits. Journal of interna-
tional Food research, 19 (1): 7-
18. 

Reynolds, Susan MS (2007). Drying 
Fruits. Available on the Internet 
at: http://www.edis.ufl.edu. 

Robbers, M; Singh, RP and Cunha, LM 
(1997). Osmotic-convective de-
hydro -freezing process for drying 
kiwifruit. Journal of Food Sci., 
62(5):1039–1047. 

Rocha, T; Lebert, A; Marty-Audouin, 
C(1993). Effect of pretreatments 
and drying conditions on drying 
rate and colour retention of basil 
(Ocimumbasilicum), Lebensmit-
telWissenschaft und Technologie, 
26: 456-463. 

Rodrigues, S and Fernandes, FAN 
(2007). Image analysis of osmoti-
cally dehydrated fruits: Melons 
dehydration in a ternary system. 
European Food Research and 
Technology, 225: 685– 691. 

SAS 2004 SAS Institute Inc (2004). 
SAS User”s Guide, Version 9.1 
Statically Analysis System Insti-
tute, Cary, NT. 

Senadeera, W; Bhandari, BR; Young, G 
and Wijesinghe, B (2005). Model-
ling dimensional shrinkage of 
shaped foods in fluidized bed dry-
ing. Journal Food Processing and 
Preservation, 29: 109-119. 

Shi, J and Xue JS (2009). Application 
and development of osmotic de-
hydration technology in food 
processing . In: Ratti, C (Ed.) Ad-
vances in Food Dehydration. 
Chemical Rubber Company CRC 
Press, USA. 

Simal, S; Deya, E; Frau, M; Rossello, C 
(1997). Simple Modelling of air 
drying curves of fresh and osmo-



 
Mohamed Bassim Atta and Hagar Fathy Kandil, 2016 

 85 

tically pre-dehydrated apple 
cubes. Journal of Food Engineer-
ing, 33(1-2):139-150. 

Singh, GD; Sharma, R; Bawa, AS; and 
Saxena, DC(2008a). Drying and 
rehydration characteristics of wa-
ter chestnut Trapanatans as a 
function of drying air temperature. 
Journal of Food Engineering, 87, 
213–221. 

Singh, S B; Panesar, P and Nanda, V 
(2007). Rehydration kinetics of 
un-osmosed and pre-osmosed 
Carrot cubes. World Journal of 
Dairy and Food Sci., 2 (1):10-17. 

Singh, U; Jain, SK; Doshi, A; Jain, KH 
and Chahar, KV (2008b). Effects 
of Pretreatments on Drying Char-
acteristics of Button Mushroom. 
International Journal of Food 
Engineering, the Berkeley Elec-
tronic Press, California Univer-
sity.4 (4): 1556-3758. 

Sopade, PA and Obekpa, JA (1990). 
Modeling water absorption in 
soyabean, cowpea and peanuts at 
three temperatures using Peleg’s 

equation.Journal of Food Science, 
55: 1084-1087. 

Sun, DW (2005). Emerging Technolo-
gies for Food Processing. London: 
Academic Press, Elsevier Science, 
pp.221– 223. 

Taiwo, KA and Adeyemi, O (2009). In-
fluence of blanching on the drying 
and rehydration of banana slices. 
African Journal of Food Science, 
3(10):307-315. 

Torreggiani, D and Bertolo, G (2001). 
Osmotic pre-treatments in fruit 
processing: Chemical, physical 
and structural effects. Journal of 
Food Engineering, 49: 247–253. 

Tortoe, C (2010). A review of osmode-
hydration for food industry. Afri-
can Journal of Food Science, 
4(6): 303 – 324. 

Tylewicz,U; Rząca, M; Rocculi, P; Ro-
mani, S and Dalla Rosa, M(2010). 
Evolution of quality characteris-
tics of Hayward and Hort16A ki-
wifruit during osmotic dehydra-
tion. Journal of fruit processing, 
4: 150-153.  

 
 
 
 
 



Assiut J. Agric. Sci., (47) No. (6-1) 2016 (72-86)                            ISSN: 1110-0486 
Website: http://www.aun.edu.eg/faculty_agriculture                      E-mail: ajas@aun.edu.eg  

 86 

 

خصائص شرائح فاكهة الكيوى المجففة تأثير التجفيف الاسموزى كمعامله مبدئيه على بعض 
  الهواء الساخنالتهوية ببفرن 

  محمد بسيم عطا وهاجر فتحى قنديل
   جامعة طنطا - كلية الزراعة - ذيهقسم علوم وتكنولوجيا الاغ

  الملخص

. غذيـه غذيه خاصة الفواكة إحدى العمليات الأكثر تحديا فى تكنولوجيا الأ         تبر تجفيف الأ  يع

. جفيف التقليدية لطرق جديـده    ساليب الت ففه ينبغى أن نطور أ    ه الفواكه المج  ولكى نحسن من جود   

ن مجففات الهواء الساخن تنتج فواكه مجففه ذات جوده رديئة لذلك طبقت أساليب مختلفـة               حيث أ 

كيوي المعرضـه   جل ذلك تمت دراسة تجفيف شرائح فاكهة ال       من أ . تقليل عيوب الطرق التقليدية   ل

كمعامله مبدئيه متبوعه بـالتجفيف  % ٦٠فى محلول سكروز (OD) موزى سللبخار والتجفيف الأ

  (VHD) .بالهواء الساخن

وكـذلك المـواد    ) WL(و الرطوبـة    ) ML(الوزن   أن الفقد في كل من     أوضحت النتائج 

. لشرائح الكيوى تزداد معنويا بزياده وقت الغمر في المحلـول الـسكري   ) SG(الصلبه المكتسبه   

. (OD)خلال التجفيـف الاسـموزى      ) WL(أقل من فقد الرطوبة     ) ML (وكان الفقد في الوزن   

كـل مـن   ). SG(المـواد الـصلبه    أعلى من أكتسابكان WL) (الفقد في الرطوبة  نولوحظ أ

قبـل   المعاملة الحرارية بالبخار والتجفيف الاسموزى لشرائح فاكهة الكيـوي كمعاملـه مبدئيـه            

 نفاذية أغشيه الخلايا و تميزت المعاملـة الحراريـة          التجفيف بالهواء الساخن في الفرن يزيد من      

 (ML) في الوزن بقدرتها علي طرد الهواء المحبوس بين أنسجة الفاكهة مما ادي الي زيادة الفقد

في المنتج النهـائي   (DEI) ، وارتفاع مؤشر كفاءة التجفيف.(%MC) للرطوبة  المئويةوالنسبة 

كمـا وجـد    . ODأثير أكثرفاعليه من التجفيف الاسموزى    كانت المعاملة الحرارية بالبخار لها ت     و

كيـوي المجففـة بواسـطة التجفيـف        لشرائح فاكهة ال  ) RC( التشرب   إعادة خاصيه   فيتحسن  

٪ علـى   ٦٠عن طريق الغمر في محلـول سـكروز بتركيـز            مبدئية كمعامله   OD الأسموزي

مجففة بينما عملية المعاملة    يجابي علي شرائح فاكهة الكيوي ال     لها تأثير إ   لمدة ساعتين    م٤٠درجة

 .ليس له تأثير ملحوظبالبخار الحرارية

 


